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AN INVESTIGATIONOF AIRPLANELANDINGSPEEDS.

By KennethF. Ridley.

Summary

Thispaperdescribesan investigationon ai.rplane’landing .<

speedswhichwasmadeto determinetheapplicabilityof accepted

aerodynamictheoryto thepredictionor thispartictiarperfor-

mancecharacteristic.

Theexperimentalworkconsistedin measuringthelanding

speedof severalmonoplanesby a newphotographicmethod.The

resultsof thesetestssupplementedby avaizableinformation

regardingbiplaneswerecomparedwithpredictionsmadein ac- —

cordancewithbasicaerodynamictheory.Thepredictionmakes

useof thefundamentalrelationbetweenwingloading,liftcoef-

ficient,andspeedof levelflight,andtheeffectsof aspect

ratioandproximitytothegroundon liftcurveslope.

and

Verysatisfactoryagreementwasfoundbetweenthepredicted

measuredvalues.

A setof generalizedliftcurvesdevelopedto simplifythe
i

methodofpredictionarepresentedin an appendix.
*Thesissubmittedinp=-ti~ fulfil~~entof therequirementsfOr
thedegreeof EngineerinMechanicalEngineeringAeronautics,
StanfordUniversity.
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Introduction

Probablylessisknownandmoreis erroneouslystatedabout

thelandingspeedthanis thecaseforanyotherairplaneper-

formancecharacteristic..Theprevalenceof obviouslyerroneous

andsometimesevenabsurdspecificationshasbeenpointedout

in References1 and2. Thestateof knowledgeis wellindi-

catedby thesomewhatcommonpracticeofpretlictinglanding

speedson thebasisofmaximumliftcoefficientsdeterminedby

modelairfoiltestsmadeat lowReynoldsNumber,no account

beingtakenof the~mgleof attackin thelandingattitude.
—

It appearsthatthissituationmaybe l~gely attributedto the
-.

lack”of a simplemethodforobtainingexperiment~information

on thesubject.

Theonlyknownsource

landingspeedsis givenin

of accurateinformationon airpl~e

Reference4. Testsof a numberof

militarybiplanesaredescribedin thisreportbutno analysis

of theresultsis included.

Theprogrm of thepresentinvestigationwasto supplement
.-

theavailabledatawiththeresultsof testsonvarioustypes

of monoplanes,to makepredictionsof landingspeedsforall

thetestedairplemesandto comparethepredictedandmeasured

values.
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4“
ExperimentalMethodsandApparatus

● - Thebiplanelandingspeedsreportedby Carrollweredeter-

minedby theuseof synchronizedrecordingflightinstruments,

namely,an air-speed

stantof impact,and

checkandto furnish

statedinthereport

meter,an accelerometerto indicatethein-

a ground-speedmeterusedas an air-speed

wind-speeddata. It isnotdefinitely

whethera singlerepresentativelandingor

an averageof severaltestsfurnishedthefinalresults.The

degreeof accuracyisstatedasplusor minus3 per cent.

Themethodusedby thewriterwasto determinetheground

speedfroma photographicrecordof therotationof thelanding

wheel,by theuse”ofa motion–picturecamerawhichoperatedat
)

* a.knownconstantspeed,to measurethewindspeedandto fix

thestillairlandingspeedas thealgebraic
*

tities.

Theprocedurewastopaintthewheelor

sum of thesequan-

tireof theaiZ-

planein contrastingcolors,thusprovidinga rotationindicator,

andthentophotographtheairplanewhilemakingnormalland-

ings;windspeedsweresimultaneouslyreadfroman anemometer.

Thedurationof filmingwasfroma secondor twobeforeto four

or fivesecoidsafterimpact.

Thefilmwa8examinedframeby frame,thepositionof the

wheelin eachpicturerecordedanda curveof wheelrevolutions

vs.exposureswasplottedfromthesedata. howledge.ofthe

‘m

*.
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cameraspeedandtirecircumferencemakesthiscurvein effect,

a space-timecurvefromwhichvelocitiesmaybederivedby

graphicaldifferentiation.Itwqsfoundthatthewheelacquired

withinonerevolutiona speedwhichvariednegligiblyduring

thenextsecondor two. Theslopeof thisportionof thecurve .

wastherefoxetakento representthespeedat contact.

Themotion-pictuxecamerausedWCLSa portable,spring-~iven .

typewhichoperatedat approximately34 fra’esper second.A

specialelectricclockwasusedto calibratethecamera.The

exposureratewasdeterminedforallconditionsunderwhich

testswerelikelyto be made,i.e.,fromendto endof a full

loadingof film,andcheckcalibrationsweremadeat thebegin–

ningandendof eachspoolof filmor eachsetof tests.

A vane,or windmilltypeof anemometerwasusedto measure

thegroundwindspeed.Sincethistypeof instrumentregisters

onlytherevolutionsmadeby thevanes,themindspeedsactu-

allyareaveragevelocitiesovera periodof”about10 seconds

whichincludestheinstantof landing.

. MethodofPrediction

Themethodofpredictionis,basedon thefollowingconcep-

tionof a perfectlyexecutedthree-pointlanding.Theairplme

approachesthelandingareain a steadyglide. On nearingthe

groundtheflightpathbecomespracticallyhorizontal,theangle

of attackincreasi~mandthespeeddecreasingin SUCha waYas
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A.
to maintainconst~tliftuntiltheabtitudeforthethree-point

4

*

--

>

.

,

v

landing(wheelsandtailskid at thesameheight)is reached.

Thisattitudeis maintainedwhilethespeed~d liftdecrease
,

sufficientlyto lettheairplane-settleto theground.Theland-

ingspeedis thereforeassumedto be thespeedof levelflight

at a verymall heightabovethegroundat theangleof attack

corresponding’to a three-po-intlanding.

It is knownthatuponapproachi%mthegroundthereis a re-

ductionof theinducedsngleof attackof thewingsof an air-

planewhichmaybe ca3cuIatedaccordingto themlfitiplanethe-

oryof Prand’tl.Thisproducesan increaseof liftcurveslope

anda reductionof induceddrag;it isthereforeequivalentto

an increasein theaspectratio.

The*calculationof thiseffectiveaspectratiowhichis

representativeof levelflightjustabovethegroundis the

firststepof theprediction.It isnextnecessaryto develop

a curveofliftcoefficientvs.angleof attackfora wingof

thisaspectratio..Theliftcoefficientwhichthewingsmaybe

expectedto attainis thevalueindicatedby thecurveat the

angleof attackcorres~ondingto a three-pointlanding.

It,isnownecessaryto mke someassumptionregardingthe

relationof wingliftto thetotalliftof theairplaneforthe

landingcondition.It doesnGt appe.=reasonableto ass~e

thatthetwo areequ~ becausethesumof theverticalairloads

on thefuselageandhorizontaltailsurfacesisusuallytoo
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largeto be neglected-.Sincetheairforceson thetailsur–

facesathigh~gles of attack~d withconventionficenterOf

gravitylocationareSi71a.11,andsincetheliftof a normrltype

of fusel~eis considerableat highar@es of attack,it is

reasonableto assumethatthewingssupportsomewhatlessthan

thetotalweightof the~.irplue.Theliftof theparasite

partsjaightbe approximatedby creditingthecirplanewiththe

wingareait wouldhaveif thewingwerenotinterrupted,by

thefuselage.Forthepredictionof landingspeeds,then,ii

is assumedthattheeffectivewingmea is thatof thecomplete

planformof thewings,i.e.,no deductionwillbe madeformea

blanketedby thefuselage.

Therequireddata,nmely, weight,wingarea,ad lift

coefficientnowbeingknown,thelandingspeedispredioted

aocordingto theequation

wherein V = velocity(feetper seccnd)

w= weightof airplane(pounds)

P = densityof air(slugsper
cubicfeet)

CL = liftcoefficient

s = wingsxea(squarefeet).

Theeffectiveaspectratiocorrespondingto levelflight.

justabovethegroundis calculatedas follows,Tnereduction
c

.-
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of theinducedangleof attackof a wingsystemupon

thegroundis
.–CL s

Aai=-a —
n b12

●

wherein Aai= changeof inducedangleof.
attack(radians)

bl = maximumspan(feet)

z= influencecoefficient.

~Forthemonoplane,~ is equalto a, thecoefficientof

mutuallyinduceddrag.* Forthebiplane~ isgivenby the

Thesubscriptsfollowtheconventionusedby Wieselsberger

(Reference3),thatis, al-+ is the influencecoefficient

fora biplanecompasedof oneof thewingsof thebiplaneand

itsmirrorimageinthegxoundplane, 0=-2’ correspondsto a

similazbiplanecomposedof theotherwinganditsimage,a~d

u1-2’ refersto a biplanecomposedof oneof thereslwings

andthemirrorimageof theother.

Strictlyspeaking,theaboveformulasareapplicableonly

to monoplanesandequal-spanbiplanesha.vingidealliftdistri–

bution.However,theexpressionsmaybe usedinpracticewith

no appreciableerrorforallnormalbipl.szes

lY theextreuesesquiplanetypes.

andexceptingon-

Fromtheequationfortheinducedan@e of attackof a.— —
Xsee~npendi,x~1 fCII’v~ues of 0..

—
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it maybe deducedthattheequivalentaspectratiowhennear

thegroundis

andan analogousderivationforthebiplanegives

Re = FL
1- ; kz

R = aspectratioof therealor equivalentmonopl~.e.

Re = effectiveaspectratioof realor equivalent
monoplaneneartheground.

k = Munk~sbiplaneconstant.&

Thedeterminationof theliftcurvecorrespondingto this.
effectiveaspectratiois aCGO~lpliShedby applicationof the

well-knownfozmula

to theresultsof fullscXLe(Vaxiable13ensityWindTuiinel]

testsof the

mula
a=

al
RI

%

airfoilprofileusedinthe airplane.In thisfor-

angleof attackof.airplwewing(degrees).

angleof attackof airfoilmodeltested(degrees).

aspectratioof modeltested(aftercorrection-
fortunnelwalleffect).

effectiveaspectratioof airplanewing(orthat,of equivalentmonoplane).
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Theresultsof the

AppendixI;a condensed

tion.

Theresultsof the

9No.349

Results

investigationarepresentedin fullin

summarywillbe foundin thenextsec-

experimentsandcalculations,together

withtheimportantdesigncharacteristicsof theairplsnes,are

givenin Tables11 and111.

landingspeedsoccupypages

curvesaxeshownin Figures

Thecomputationsof thepredicted

17-37,whilethepredictedlift

1-11.

Examplesof thefilmrecordsappearas Figures16-19. -

Typicalcurvesof wheelrevolutionsvs.exposuresasde-

rivedfromthepicturesarepresentedasFigures12-15.

Themonoplane

ingsas werefound

resultswerederivedfromonlysuchland-

by examinationof thefilmsto be normal

three-pointladings. Theaverageof at leasttwosuchlandings

wasusedas thefinal,resultforeachairplane.Thelanding

angles,wingareas,andweightsweremeasuredat thetimeof

makingthetests,butin somecasestheangleof zeroliftwas

obtainedfroathemanufacturer.

D i s cu s s ion

Forconvenienceof referencea summaryof theresultsis

presentedin TableI.
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Airplane

Lockheed
(Sirius)

Ford
(4AT-E)

Hamilton
(H-45)

Stinson
4 (Jr.)

SE-5A

JN-6H

DH-4b

Sperry
Messenger

MB-3

MB-2

CL
(actual)

1.40

1.39

1.282

1.462

1.095

1.22

1,142

1.098

TABLEI.Uxw::(predicted)

1.373 57.21
57.0

Av.(57.15) 5~.8

1.33 53.1
58.4

Av.(58~~5) 60.1

1.260 54:8
61.2
59*5

Av.(58.5) 59.0

1.35 54.7
53.~
56.1

Av.(54.9) 57.1

1.15 I 54.0
I

52,9

1.18 I 51.0
I

51.0

1.142 51.0 50.1

1.123 56.5 55.9

1.163 I 44.0 I 45.1

1.182 I 5~.o I 56.0

1.195 58.0 55.6
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Theresultsof testsof twoadditionalairplanes- the

FokkerCO-4andtheS.P.A.D.VII- appearin Caxrolllsreport;

inabilityto obtaincompletedesigncharacteristicsprevented

thepredictionof theirlandingspeeds.Thisisparticularly

unfortunatee

coefficient

ever,would

in thecaseof theS.P.A.Il.sinceitslendinglift

is unusud~ysmall (CL= 0.96). Thisvalue,how-

appeartobe consistentwiththeuseof a verythin

airfoilof smallcamberin a biplaaeof lowequivalentaspect

ratiowhichhasonlya mediumvalueof thelandingangle.

On examinationof theabovetable,itwillbe notedthat

thereis a maximumvariationpredictedandexperimentalvalues

of lessthan2+ milesperhourinlandingspeedand10 percent

in liftcoefficient.Itwouldappe~ unreasonableto expect

betteragreementthanthisin viewof theprobableaccuracy

of thetestdata.

Theexperimentalaccuracyof thebiplaneresultsis stated

as plusorminus3 percent. Theprincipalsourcesof error

in theresultsobtainedby

of thecameraspeedandof

ferentcalibrationsof the

in speedbetweendifferent

thewriteraxeprobablyvariation

windvelocityduringa test. Dif-

camerashowednoticeabledifferences

spoolsalthoughno importantvaxia-

tionwasdetectedwithinanyone. It-fillbe rememberedthat

theaverageovera shortperiod,includingtheinstantof con–

tact,wasusedas theinstantaneouswindvelocity.If thewind

werenotsteady,theinstmtaneousvelocitymightvaryconsider-
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ablyfromthisaverage.Oneotherpossibilityforerroris

seenin theuse of theno-loadtirecircumferencein thecalcu-

lationsof thegroundspeed. It isnecessarilysmall,however,

becauseat thespeedandattitudeof landing,thelo@ on the

wheelscm onlybe a verysmal fractionof thetotalweight

of theairplane.Inmostcasesthefullloadradialdeflection

of thetirecorrespondsto a reductionof circumferenceof not

morethan4 or 5 percent.

Errorsin thepredictionsthemselvesmayresultfromsev-

eralcauses,theprincipalonebeingtheassumptionof a ficti-

tiouswing.areato compensatefortheliftproducedby thepar-

asiteparts. Otherpossiblesourcesof erroraxefailureto

reproduceintheairplanetheprofileof thespecifiedairfoil,

inaccuraciesin themodeltestdata,andtheuncertaintyof

assumedc.irfoilcharacteristicswhenno fullscaledatawas

availablefortheprofileused. Inconsiderationof thepossi-

ble sourcesof inaccuracyin boththepredictedandactualval-

ues,themethodofpredictioni.sconsideredhighlysatisfactory.

Withthevalidationof thetheoretic.flprinciplesutilized

forprediction,itbecomespossibleto enumerateanddiscuss

theimportanceof thedesignch~acteristicswhichcontrolair-

planelandingspeeds.Thesevariablesaxewingloadi~~,airfoiml*
profilecharacteristics,landingangleof attack,aspectratio

andwingheight,

In realitythereareonlytwoentirelydistinctvariables,

.
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A

wingloadingandliftcoefficient,as indicatedby thefund-
i

mentalequation

,= /“-.

No discussionof thefirstseemsnecessary.Theliftcoeffi-

cientattainableinlandingis fixedby thecharacteristicsof

thewingprofile,theequivalentaspectratiowhencloseto the

ground,cndtheangleof attackinthethree-pointlandingattit-

ude. Thepossibilityof reducinglandingspeedsby theuseof

slottedor otherformsof highliftwingsis clearlyindicated,

andthenecessity’forconsiderationof theeffectiveaspectratio

in fixingthelandingangleis likewiseapparent.Itwillbe

noticedthatthetheoryindicatesno effectof wingheightupon

the,laxidingspeedwhichcould”notbe obtainedotherwise,thatis,

by adjustmentof thelandingangle. Thesmallinfluenceof wing..

heightuponliftcurveslopefortheaspectratioscommonto.. .
existingmonoplanesmaybe sekninthepredictionsforthese

. .
airplanes.

Conclusi on,.
. . -,.

Thelandingspeedof an airplanecanbcpredictedwithsat-
,.

isfactoryaccuracyby theuse of acceptedaerodynamictheory-

Note.-Generalizedcurvesto facilitatetheprediction.ofImdiw
speeds~e givenin Agpendix11..,

.
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Airplane

LocEheed
(Sirius)

l?ord
(4A!C-E)

Wmilton
(i?-45)

S~!.nson
(Jr.)

Gross
weight
lb.

-
3415

loom

4536

2i’9’?

wing
area
Sq.ft.

288

8X18

405

248

TABLJIII.

Wi~
loadiqg
lb./sq.ft.

* !.

Appendix I

11.86

J.2.32

11.21

11.29

:ollectc
Ground
speed
m.p.h.

59.1
59.0

59.1
58.4

54.8
67.7
58.4

54.’7
52.4
45.8

Result

Wind
speed
m.p.h.

-1.8
-2.0

0
0

0
3.5
1.1

0
1.5
10.5

I

I(Monoplan

Actual
landing
speed
m.p.h.

57.3
57.0

Av.(67.15)

59.1
58.4

Av.(58.75)

54.8
61.2
59.5

Av.(58.5)

54.7
53.9
56.1

Av.(64.9)

?edicted
Ew3ing
speed
m.p.h.

57.8

E1l.1

59.0

57.1

1.40

1.39

1.282

1.4E2

. .

1.373

1.33

1.260

1.36
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Airplane

ii3-5A

J% m

PE-7

IIE-4b

Sperry
Messenger

Gross
weight
lb.

20K)

2767

2152

4000

96

2277

10520

. .

Wing
area
Bq.ft.

254

354

295

450

160

242

1121

TABIJIII.CollectedRefiults(Biplane)

Wing
loading
lb./sq.ft.

8.19

7.83

7.29

8.89

6.03

9.43

9.39

I

Actual
landing
speed
lr.p.h.

54

51

51

56.5

44

57

58

-.

FTedicted
lzmdi~
speed
m.p.h.

!5.2.9

51.0

50.1

55.9

45.1

56.0

55.6

—.—

(ac%al)

1.10

1.178

1.10

1.095

1●22

1.142

1.09s

, .3

(pre%cted)

1.15

1.18

1.142

1.I.23

l.la

1.182

1.195

*

P
m
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Ford4-A-TPrediction

Specifications

High-wingcabinmonoplane(trimotored).

Wingprofile

Span

Area

Heightofwing

Weightas flown

Wingloading

Groundangle

URS.A.27Batroot
Gottingen387at tip*

74 f-t.

818Sq.ft.

9.5ft.

10,085lb.

11.21lb./sq.ft.

18 deg.fromO lift.

GroundEffect

a = .416

.=x
818 1 –1.416= 11048

LiftCurveCorrection

*

.—

.—

..
CL 1( - -Q 57.3a= =al+T 11,48 6.85j

= al - 1.075CL
xG6ttingen387characteristic’sused.

.
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i

al (deg.)

-6.8

-3

0

3

6

9

12

15

18

CL

o

,28

.50

.723

.951

1.153

1.305

1.330

1.318

-1.075c~

-o

- G301

- .538

- .~76

-1.021

-1.236

-1.403

-10430

-1.41?

~a (deg.)

-6.8

-3.3

-0.538

2.224

4.939

~.~64

10.597

1305yo

16.5?3

HamiltonH-45Prediction

Specifications

High-wingcabinmonoplane .

Wingsection ClarkY modified*

span.. 54,25ft.

Area 405Sq.ft.

Heightof.wing 7.75ft.

Weightas flown 4536lb.

Wingloading 11.21lb./sq.ft.

Groundangle 11 degrees

*ClinkY characteristicsused.

.

.
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GroundEffect
●

●

✎

h1-1’= 2 x 7.75= ●286
b 54.25

y=l D = .388

Re’*=: xl:*

= 54.25x 1 = 11.88
405 1 - .388

LiftCurve.—

CL 1
(

1) 57.3a2=al+y —–—%“ %/ “

( 1 \ 57*3=U1+3 1 -—, =al- 1.127cL
‘n 11.88 6.85) -

al(deg.)

-5.2

-3.0

0

3

6

9

12

15 “

18

CL

o

,162

.380

.600

.820

1.033

1.230

1.366

1.284

-1.127cL

-c)

.182

- .428

- .675

.924

-1.065

-1.386

-1.538

-1.448

ct2 (deg.)

-5.2

..?.182

-0.428

2.325

5.076

7.935

10.614

13.462

16.552

19

.

.
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LockheedSiriusPrediction

~~cifications-

Low-wingopenmonoplane

Wingprofile taperedCIWk

Area 288sq.ft.

span ‘41.9ft.

Heightofwin$g 4 ft.

Weightasflown 3415lb.

lYingloading

Groundangle

11.86lb./sq.ft.

GroundEffect

“[1

15 degrees

x, 1 = 41.9~ 1
-0 288 x =-1.

LiftCurve

( 1 . .---)57.3
12.18 . . ‘%-

(7

12.18

20

= .5

1.162CL

.—
xcI~k Y characteristicsused,

.

.
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al(deg.)

-5.2

-3.0

0

3

6

9

12

15

18

CL

o

.162

.380

.600

.820

1.033

1.230

1.366

1.284

-1.162CL

o

- .188

- .442

- .699

- .955

-1.205

-1.431

-1.588

-1.495

aa(deg.)

-5.2 -

-3”.188

- .442

2.301

5.045

,7.795

10.569

13.412

16.505

StinsonJr.Prediction

Specifications

Cabinmonoplane

Wingprofile ClarkY

Span 41.8ft.

Area 248Sq.ft.

Heightofwing ~.5ft.

Weightasflown 2797lb?

Wingloading 11.29lb./sq.ft.

Groundagle 13.1degrees

21

.-

.

.

.
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GroundEffect

hz_; 15—= ,359
b = 41.7’

P=l 6= .320

= 41.7’~ 1
248 1 - .320

a2 =C%+

q (deg.)

-5.2

-3.0

0

3

6

9

12

15

18

LiftCurve

= 1003

57.3

=(31+ #(1:13 _6185) 57.3
.

=ctl- .875CL

CL

o

.162

.380

.600

.820

1.033

1.230

1.366

1.284

-.8~5CL

o

.142

- .323

- .525

- .718

- .905

-1.0~6

-1.196

-1.125

a2 (deg.)

-5.2

-3.142

-0.323

2.475

5.282

8.095

10.924

13.804

16.875

22
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SperryMessengerPrediction

Specifications

Openbiplane(lightone-seater)

Wingprofile U.S.A.–5
I

Area 160 sq.ft.

Span(bothwings) 20 ft.

Gap 2.83ft.

Chord(bothwings) 4:0 ‘f

Heightoflowerwing 2.1 11

Weightasflown 965lb.

Wingloading 6.(33lb./sq.ft.

Groundangle 17.2deg.

BiplaneConstant

2h = 2 X 3.83= .1915
bl+~ 2x26

(3 = .498

Sinceit is of equalspanandequalchord

*(1+0)ii=
= 1.498= .?49

2
12K = 1.335

23
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GroundEffect

Wings h CT

l-l! 11.86 s593 1 .18?

2-2? 4.2 ● 21 1“ .471

l-2t 8.03 .401 1 .288

—.
CT=

=

Re =

.187+ .471+ 2 X .288=-.3085
4

kiwx 1
s 1 -iike

1.335x 20
160(1- .3085X 1.335)= 5*68

LiftCurve

( 1 21 57.3
5.68= 6.85/ = al + .547CL

24

.

.
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al (deg.)

–4.2

0

3

6

9

12

15

18

.,325

.555

.?80

1.000

1.190

1.185

1.135

.54~CL

o

.177

● 304

.426

● 547

.651

.649

.621

CL2(deg.)

–4.2

Q*1?7

3.304

6.426

9.547

12.651

15.649

18.621

JN - 6H Prediction

~pecifications

Openbiplane(primarytraining)

Wingprofile

Span,upper
!1 1ower

Gap

Heightoflowerwing

Wingarea

Wingloading

Groundangleof attack

Eiffel- 36*

43,7ft.

32.7 ‘l

5.1’7‘t“

2.35n

354 Sq.ft.

7.83lb./sq.ft.

13.2 deg.

*U.S.A.-5characteristicsused.
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~quivalentMonoplane

Zh 2 x 5.17
bl+ b== 43.7+ 32.7

P =+=::”-;=
1 .

= .1355-

.748

1. 1-02 1 - .52—, =
%2 1- 2op!+@=l - 2 X .52X .748+ .748

= .73 _.781– .935

k2 = 1.07

GroundEffect

Wings h

1-1! 15.04

2-2f 4.70

l-z! 9.87

.344 1.0 .330

.1438 .748 .518

.259 1.0 .412

.330+ .518+ 2 X .412
‘~= “418

Re =
1=2&

2s (1 -6 k )

26

1.07x 43.7
= 354 (1- .418X 1.0?)= 10.47
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LiftOurve

CL 1( ~) 5763. al _ .922cL=al+T —.-
10● 47 6.85]

% (deg.)

–2.2

o

3

6

9

12

15

18

CL

o

.163

.392

.622

~851

1~063

1.210

1.01

-.922CL

o

-.150

-t362

-.575

-,785

-.983

-.118

-.933

CL2(deg. )

-2.2

-0.150

2.638

5.425

8.215

11.017

13.882

17.067

SE - 5APrediction

Specifications

Openbiplane(pursuit)

Weight “

Area

Wingloading

Gap

Span(bothwings)

Heightoflowerwing

Landingangle

Wingprofile

2080lb.

254 sq.ft.

8.19lb./sq.ft.

4.38ft.

2.66 ‘f

3.33 ‘t

14 deg.

R.A.F.15
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1

2

1

_ 21

- 2’

5

Re

4.38—= .164826.6

.538

+(1+13)
1.538–— = .7692

1.30

h

GroundEffect——.

17.42- .580

6.67 .250

11.04 .415

01-1’ + a2_2f+ 2 Gl_2f
4

.192+ .422+ 2 X .279=———
4

I& b2

130X 26.6
254(1- .298X 1.30)=

. .

28

.

L .192

L .422

L .279

.298

5.93

.

.
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.

.

.

LiftCurve
.

CLaz
(

=%+~ &-;) 57.3
1

= al (+!$J- – ~) 57.35.93 6.852
= ~ + .3~3CL

ul(deg.)

-2.2

0

3

6

9

12

15

18

CL

o

.163

.392

.622

.s51

1.063

1.310

1.010

373CL

o

.061

●146

.232

.318

.397

.451

.377

C%(deg.)

-2.2.

0.061

3.146

6.232

9.318

12.397

15.451

18.377

MB - 3 Prediction

Specifications

Openbiplane(pursuit)

Wing.section R*A.F.-15

Span,upper 26 ft.
II lower . 24.5ft.

Gap 4.5 1’

Heightoflowerwing 3*O ‘f

Wingarea 242sq.ft.

Wingloading 9,83lb./sq.ft.

Ground~le of wings 15 deg.

—
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.

.

BiplaneConstant

2h 2 x 4.5
bl + b= = 26+ 24.5= 1*78

bz
P 24,5
‘q=Wr- = :942

1 1 - ~2
iF=l -2”opl+iF

1 1- >508—=
‘k21- 2 x :942X ~508+ 2942= :800

k2 = 1.25

Wings

1 - 1’1

2-2!

1-2!

5.

=

Re =

=

GroundErfect

h .2h
bz + bz

15 ,577

6 .245

10..5 ~416

.1$13+ ~423+ 2 X .279
4 =’:293

~2 b2

1?25X 26 = 5.51.
232(1- ~298X 1.25)

.

.
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Lif~Curve

+ CL
~2 = % y [+ - ;) 57.3

1“

CL(1
=uL+— ——— - -&J 57,3= al + 6.47CL

~ \5.51 6,.85/

al (deg.)

-2.2

0

3

6

. . 9

la
15

18

CL

o

.163

.392

,622

~851

1.063

1.210

1● 010

.64~cL

o

.106

.254

● 403

● 551

● 680

.783

.654

a2 (deg.)

-2.2

0.106

3.254

6.403

9.551

12.680

15.783

18.654

VZ-7Prediction

Specifications

Openbiplaiie(advsacedtraining)

Wingsection R.A.F.-15

Area 295sq.ft.

Span(bothwings) 34.1ft.

Gap 4.67ft.

Heightof lcwerwing 3.41,11

Weightasflown 2152lb.

Wingloading 7.29lb./sq.ft.

Groundangle 12.? deg.

31
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Wings

1-11

~ 21

1-21

NoteNo.349

Biplane Constsnt

h

.137

u = .538

1.— =~ (1+0)=.792
P

k2 ==1.262

GroundEffect——. .

a

16.14 .474 1 .243

6.8 ● 1995 1 .485

11.47 .336 1 .337

4

.243+ .485+ 2 X .335=
● 35054

IF ba
S(l– Z7k2)

1.262X 34.1—— — = 8.96
295(1- .3505X 1.262)

32
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CL
a2 =al+—

1-r

al (deg.)

-2.2

0

3

6

9

12

15

18

( 1

lre-

( 1
8.96

CL

0

.163

.392

.622

.851

1.063

1.210

1.010

-.629cL

o

-.102

–.247

-m391

–.535

-.680

-.755

-.635

D-HbPrediction

Specif~cations

Openbiplane(observation)

Wingsection

Area

Span(bothwings)

Gap

Heightcf lowerwing

Weightas flown

Wingloading

Groundangle

33

..-

=al- .629CL

a=(deg.)

-2.2

–0.102

2.753

5.609

8.465

11.320

14.245

17.365

F..A.F.-15

450Sq.ft.

42.5ft.

5.5 1[

3,5 “

QOO ~b,

8.89lb./sq.ft.

12.3deg. .-—

-.
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-me Constant

2h 2 x 5.5
bl + ba = 2 X 42.5= .1295

‘1

a = .590

1

i7-=*(1+0)
= .799

kz = 1.251

GroundEffect

Wings

l-l!

2-21

1-2!

E.

=

Re =

=

h 2h
bl + bz

18 .424

7 .165

12.5 .294

v CJ

1 .274

1 ● 537

1 .375

a _ f + a2_2f + 2 a1_2*
4

.274+ .537+ 2 X .375= .390
4

FW
s(l - ZiIF)

1.251x 42.5 = 9.76
450(1- .390X 1.251)

34
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LiftCurve -

ctl(deg.)

--2.2

0

3

6

9

12

18

CL -.793CL az(deg.)

o 0 -2.2

.163 -.129 -0.129

.392 -.311 2.689

.622 -.493 5.507

.851 -m6~5 8.325

1.063 -.844 11.156

1.210 -.960 14.040

1.010 -.800 17.20

Mutin MB-2Prediction

~ecifications

35

Openbiplane(bimotoredbomber)

Wingsection .Albatros*

Span(bothwings) 74.16ft.

Gap 8.5 11

Totslwingarea 1121Sq.ft.

Weightasflown , 10520lb. .-

Wingloading 9.39lb./sq.ft.
. Heightof lpyerwing 4.5 ft.

Groundmale 13 deg.
● *U.S.A.-5characteristicsused.
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1.

.

Wings

1-11

2-21

1-21

Re =

BiplaneConstant

2 X 8.5
~ 2+h& = 2 X 74.16= ●1147

cs= .620

ql+u)
+=2

= 1.628= ,814
2

I& = 1.229

,GroundEffect

h ~ 2+hba

26.0 ● 350

9.0 ● 1212
17,5 .236

v

1

1

1

4

.328+ .615+ 2 X .441=
4

w-w
S(l-ok2)

1.229X 74.16

36

D

.328

.615

.441

.456

= 10,75= 1121(1- .456X 1.229)
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a%(deg.)

-4.2

0

3

6

9

12

15

18

LiftCurve

CL

o

.325

.555

.780

1.00

1.190

1.185

1.135

57.3= al - .969~

-.969C~

o

- .315

- .538

- .755

- .969

-1.152

-1.150

-1.100

a.z(deg.)

-4.2

-0.315

2.462

5.245

8.031

10.848

13.850

16.900

●
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Appendix 11

Thefollowingcurves(Fig.21)havebeenpreparedto facil-

itatethepredictionoflading speeds.Theyconstitutea set

of generalizedliftcurvesforeffectiveaspect~atiosof 4, 8,

and12,andforairfoilsectionswhosem~imur,nliftcoefficients

are 1.0, 1.2,and1.4. To usethesecurvestheeffective

aspectratio,theprobablevalueof themaximumliftcoefficient,

andthelandingangleof attack(measuredfromtheangleof zero

lift)mustbe known. Fromthesedataanda liftcoefficient

obtainedby interpolation“oetweenthecurvesverysatisfactory

resultsmaybe produced.

Theappendedtableillustrates,by applicationof thecurves

to thepredictionof lmding speedsfortheairplanestreated —.
in thispaper,theaccuracywhichmaybe expected.
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.&&plane

izEGx-
(Sirius)

Ford-u

Hamilton
(H-45)

Stinson
(Jr.)
3E-5A

m-m

VE--7

DH-4b

merry
16essenger

MS-3

K&2

J’wne,1930.

9 .

wi~
&x
.b.jsq.ft
.—
11.86

1.2.32

11.21

11.29

8.19

7.83

‘7.29

8.S9

6.03

9.43

9.39

TABLEIV.CollectedReeultsfromUse of GeneralizedLift Ourms

QL at
landi~
deg.

20.2

18.0

1’?.2

18.3

16.2

15.4

14.9

14.5

21.4

17’.2

17.2

Actual
landing
speed
m.p.h.

57.15

68.75

58.2

54.9

54.0

51.0

51.0

56.5

44.0

57.0

58.0

Predicted
landing
speed
m.p.h.—.—
51.s

60.3

57.6

57*1

’53.5

51.5

50.5

66.9

46.5

56.5

55.5

%

(actual)

1.40 -

1.39

1.28

1.46

1.10

1.178

1010

1.095

1.22

1.142

1.088

OL
(predicted)

—
1.37

1..3.2

1.315

1.35

1.12?

1.16

1.I.2

1.L2

1.14

1.16

1.20

k

1.2.18

11.48

11.88

10.3

5.83

10.47

8.96

9.76

5.68

5.51

10.75

c~

1.39 -

1.33

1.39

1.39

1.21

1.21

1.21

1.21

1.19

1.21

1.19
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Fig.5
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